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HE COMPARATIVELY HIGH IN-
cidence of breast cancer in Marin County, a small, affluent county of almost 250 000 inhabitants directly north of San Francisco, has been recognized since the early 1990s. 1, 2 In 1997, in response to growing concern, a community organization-the Marin Breast Cancer Watch-joined with researchers from the University of California, San Francisco, and the Division of Research at Kaiser to initiate a large, population-based, case-control study seeking to better understand the breast cancer risk factors that could be unique to Marin County. Their study 3 found that many of the wellestablished factors, such as family history, age at menarche, and parity, were not different in cases and controls, possibly because of overmatching in this relatively homogeneous population. However, significant differences in alcohol consumption, socioeconomic status during adolescence, and frequency of mammographic screening were identified. This study did not find a difference in exogenous hormone use between cases and controls, and neither did the increased incidence of breast cancer in Marin County seem to be attributable to length of Marin County residence.
Recently, based on data from the Northern California Cancer Registry, it has been shown that the excess breast cancer risk in Marin County seems to be due almost entirely to an increased incidence of estrogen receptor (ER)-positive breast cancers. 4 Furthermore, there has been growing evidence from large, prospective, randomized trials [5] [6] [7] [8] [9] linking breast cancer to hormone therapy, substantiating the association that had been suggested by observational studies. Given that up to 70% of women 50 years and older in Marin County report a history of hormone therapy, 3 one biologically plausible explanation for the increased incidence of breast cancer in Marin County could be the effect of exogenous hormone use, particularly on ER-positive tumors. Therefore, this study was undertaken to determine whether there exist specific risk factors for ER-positive vs ER-negative breast cancer, particularly with respect to hormone therapy.
METHODS
PATIENT SELECTION
This study is a secondary data set analysis of an earlier study that evaluated overall risk factors for breast cancer in Marin County. The survey was designed and conducted by community investigators from the Marin Breast Cancer Watch, a community-based organization committed to identifying factors that contribute to an increased breast cancer incidence in Marin County, and epidemiologists from the University of California, San Francisco. A detailed description of the study design and patient selection has been presented previously. 3 Briefly, patients were identified through the Northern California Cancer Center, a participant in the National Cancer Institute Surveillance, Epidemiology, and End Results National Cancer Registry. Inclusion criteria consisted of a breast cancer diagnosis between July 1, 1997, and June 30, 1999, in patients reporting Marin County residence at the time of diagnosis. Of 401 patients with breast cancer identified as eligible for the study, 336 completed an interview. Institutional review board approval was obtained for the secondary analysis; no patients were contacted again for this study.
SURVEY INSTRUMENT
The survey instrument consisted of a 2-hour in-person interview that included questions pertaining to reproductive factors, socioeconomic status, adolescent exposures, and social habits. Of 336 patients, 51 declined the full interview but agreed to participate in a shorter telephone interview. Detailed items regarding residence history, menopausal status, exogenous hormone use, and duration of use were included in the long and short interviews. A more comprehensive description of the questionnaire has been previously reported elsewhere. 3 Tumor characteristics, including ER and progesterone receptor (PR) status, were obtained through the Northern California Cancer Center. Of the 336 patients analyzed in the initial study, 234 had a known ER or PR status recorded in the Northern California Cancer Center. These patients are included in the following analysis.
STATISTICAL ANALYSIS
Continuous predictors were compared between the ERpositive and ER-negative groups using the Wilcoxon signed rank test, imposing no assumptions regarding normal data distribution. Categorical predictors were compared using 2 analysis. Univariate logistic analysis was performed for variables established as risk factors for breast cancer and for variables previously described as being predictive of increased breast cancer risk in the overall group. 3 Adjustment for age did not alter the findings of the univariate analysis. Multivariate analysis was performed using forward selection, including all predictors that were significant on univariate analysis at PϽ. 10 . Because history of exogenous hormone use was almost entirely confined to an older age group, the multivariate analysis was limited to women 50 years or older at diagnosis. Menopausal status, although highly statistically significant on univariate logistic regression, was not included in the final model because it was highly collinear with age. Similarly, history of hormone therapy (ever vs never) was excluded from the model owing to collinearity with duration of hormone therapy. The variables included in the final model were age, duration of hormone use, and frequency of mammographic screening.
RESULTS
HORMONE USE IN THE ER-POSITIVE AND ER-NEGATIVE GROUPS
A total of 234 Marin County residents diagnosed as having primary breast cancer were analyzed for the study: 208 had ER-positive tumors and 26 had ER-negative tumors. Most variables were evenly distributed between the ER-positive and ER-negative groups; however, some marked differences were seen, particularly with respect to age at diagnosis and factors related to exogenous hormone use ( Table 1) . Among women 50 years or older at diagnosis, 56.0% (94/168) were currently undergoing hormone therapy, and 69.0% (116/168) reported a history of hormone therapy. Of these 116 patients, 39 (33.6%) had used exogenous hormones for more than 10 years.
UNIVARIATE ANALYSIS
Univariate logistic analysis of categorical variables showed that menopausal status, history of hormone therapy (ever vs never), and frequency of mammographic screening (Ͻ4 vs Ն4 mammograms between January 1, 1990, and De- cember 31, 1994) were predictive of the development of ER-positive breast cancer ( Table 2 ). In patients 50 years or older at diagnosis, combined hormonal therapy and the use of other hormonal preparations trended toward significance (P = .06 for both). Many previously reported reproductive and social risk factors for breast cancer were not specific to ER-positive cancer in this cohort, including family history (first-degree family member diagnosed as having breast cancer), history of previous benign breast biopsy findings, parity, history of breastfeeding, socioeconomic status, alcohol use, and body mass index. Factors related to Marin County residence (total years of residence and age at first residence) were not predictive of tumor ER status.
MULTIVARIATE ANALYSIS
The final multivariate model was confined to women 50 years or older at diagnosis because only 16.7% of women younger than 50 years reported a history of hormone therapy. We attempted to minimize confounding between age and hormone therapy by limiting the multivariate analysis to women 50 years or older at the time of breast cancer diagnosis. We used a forward selection strategy, including only variables that were significant to at least P=.10 on univariate analysis in this age group. By so doing, we sought to mitigate the collinearity between hormone therapy and age. The final model was evaluated using likelihood ratio testing.
The variables tested in the final model were age, duration of hormone therapy (years), and frequency of mammographic screening. Duration of hormone therapy and frequency of mammography remained statistically significant risk factors for ER-positive breast cancer. The odds of developing ER-positive breast cancer vs ER-negative breast cancer increased almost linearly with duration of use, with an odds ratio of 2.14 (95% confidence interval, 1.11-4.12) per 5 years of hormone therapy. All patients who reported more than 5 years of hormone therapy had ER-positive breast cancer (Figure) .
COMMENT
Conventional epidemiologic studies of breast cancer risk factors have assessed risk as it relates to an increased incidence of all breast cancer phenotypes. However, it is now recognized that breast cancer represents not one but many diseases with markedly differing biological behaviors and different dependencies on such population demographics as age and race/ethnic status. It is evident that not all types of breast cancer respond in the same manner to a particular agent, as illustrated by the differing responses of ER-positive and ER-negative cancers to adjuvant hormonal therapies. Thus, it is reasonable to suppose that the processes of cancer initiation and promotion may also differ depending on tumor subtype and the population at risk. The Women's Health Initiative 7 reported the ER status of breast cancers diagnosed in women while undergoing hormone therapy vs placebo therapy and found essentially no difference between the estrogen/progestin and placebo groups at 5 years. However, observational data [10] [11] [12] [13] have shown that in large retrospective series involving mostly non-Hispanic white women, there seems to be a significantly increased incidence of ERpositive cancers and lobular cancers, which are almost always ER positive.
One important strength of our study is the survey technique. Data were collected for most participants via 2-hour at-home interviews aided by devices such as memory boards and visualization exercises. This method of data collection aimed to optimize proper coding of certain data elements, such as type and duration of hormone therapy.
Our data support that the propensity to develop ERpositive tumors increases with the duration of hormone therapy, so that there was no difference in ER status between patients reporting 5 years of hormone therapy and those having never used exogenous hormones. However, no patient diagnosed as having breast cancer who reported more than 5 years of hormone therapy had ERnegative disease. History of hormone therapy, which was one of the strongest predictors of ER-positive cancer in the present analysis, had not differed significantly between cases and controls in the previous analysis of overall breast cancer risk. 3 Other factors that had been highly predictive of breast cancer overall, including alcohol consumption, socioeconomic status before age 21 years, and body mass index, were not specifically predictive of tumor ER status. These observations support that distinct tumor subtypes are subject to different inciting factors but that there must also exist some risk factors that are generally permissive of breast cancer development. One plausible explanation could be that some risk factors contribute to ER-positive and ER-negative cancers, promoting tumorigenesis in an estrogen-independent manner. Such factors may act directly on cell cycle or apoptotic pathways such that they may promote indiscriminate cancer progression. The alternative explanation, that some factors are associated with ER-negative cancers, is intriguing but was not seen in the present study.
The prevalence of hormone therapy is highly associated with socioeconomic status, with women of higher socioeconomic status more than 3 times more likely to undergo hormone therapy. 14 In the patient population reported herein, 69.0% of women (n=116) 50 years and older reported hormone use, 33.6% (n=52) of whom had taken hormones for more than 10 years. It is possible that this relationship between higher socioeconomic status and hormone therapy may, in part, explain the increased incidence of breast cancer in more affluent geographic areas, such as Marin County and Geneva, Switzerland. 15 Our study population was probably too small to show a difference in ER-positive cancer risk conferred by combined hormone therapy vs other therapies. However, other researchers 10, 11 have reported that unopposed estrogen use may also slightly increase the likelihood of developing ER-positive cancers.
The other factor most predictive of ER-positive cancer was frequency of mammographic screening. Arguably, routine screening could be a surrogate marker for either hormone therapy or age. However, frequency of mammography remained a statistically significant pre- dictor of ER-positive cancer even when corrected for duration of hormone therapy and age. Nevertheless, there could exist an interaction between hormone therapy and mammography because only 1 (3%) of 39 women with a history of hormone therapy for more than 10 years had infrequent screening, whereas 12 (23%) of 52 patients with no hormone therapy had infrequent screening. One consequence of hormone therapy could be that the resulting increased breast density, and thus more difficult breast examination, could prompt more frequent evaluation of palpable breast abnormalities. Although hormone therapy has been shown to decrease the sensitivity and specificity of screening mammograms, 16 it is unknown whether this is the basis for more frequent radiologic evaluation. Furthermore, an association between socioeconomic status and frequency of mammographic screening has been shown by other researchers, 14, 17 but this relationship is not easily explored in geographic areas that lack socioeconomic diversity, such as Marin County.
In conclusion, in this patient population, duration of hormone therapy was the strongest predictor of ERpositive, vs ER-negative, breast cancer. The previously widespread use of hormones, particularly in affluent populations, may have contributed to the increased risk of ERpositive breast cancer in Marin County and other regions of high socioeconomic status. Future determinants of breast cancer risk should take into account the heterogeneity of breast cancer because tumor proliferation among different subsets of breast cancer seems to be affected by disparate factors. 
